LUNG CANCER RELATIONSHIPS IN WOMEN

Lung cancer death rates for women are presently much lower
than the corresponding rates for men. In addition, it has been ob-
served that among certain strains of mice exposed to carcinogenic
agents, the male animals show a greater tendency to develop lung
tumors than do the females (200, 307) although there are strains
for which this is apparently not so. The extent of the influence of
endocrine factors in the sex variation in the incidence of lung
tumors is unknown.

As of 1967 in the United States, women accounted for only about
one-sixth of the total deaths from lung cancer (289). However, the
lung cancer death rate in women has risen by over 400 percent in
the past 40 years. From 1950 to 1967 alone, the rate per 100,000
population doubled, increasing from 4.5 to 8.9 (289, 290).

A number of retrospective studies concerning lung cancer and
cigarette smoking among women have found that the difference in
the prevalence of lung cancer between males and females is ac-
counted for principally by those tumors classified as Kreyberg’s
Group I (154, 311). These, as was noted above, are the tumors, par-
ticularly in males, which show the closest relationship with smok-
ing. Haenszel, et al. (113), in a study of 158 women with lung
cancer, observed that the sex differential for lung cancer death
rates diminishes, but does not fully disappear when only non-
smokers are considered.

Hammond (118) found that the death rate for lung cancer in
nonsmoking males was somewhat higher than for nonsmoking fe-
males. However, the difference in male-female rates was much
greater when smokers were compared. It appears that a substantial
part of the difference in death rates between male smokers and fe-
male smokers can be explained mainly by differences in their smok-
ing habits.

These differences in smoking habits between males and females
are of two types. First, overall consumption among females is still
significantly lower than that among males. In 1966 (281), 30 per-
cent of males reported that they had never smoked while for fe-
males the corresponding figure was 59 percent. This study also
noted that nearly three times as many males as females reported
consuming more than 20 cigarettes per day. Second, it has been
shown that women smoke differently than men (303) : They begin
smoking later than men (7714) and do not smoke cigarettes as close
to the end, where proportionally more nicotine and “tar” are in-
haled. Women smoke more filter-tip and “low tar and nicotine”
cigarettes than men. Furthermore, cigarette smoking still tends to
be heavily concentrated among women under the age at which lung
cancer is most likely to occur.
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Finally, analysis of the ratio of male and female lung cancer
death rates (283, 284, 285, 286, 287, 288, 289, 290) reveals that
since 1960 this ratio has shown a steady decline, reflecting the
greater relative rise in mortality from lung cancer in the female
population,

LUNG CANCER, THE URBAN FACTOR, AND AIR POLLUTION

A number of studies have been concerned with the relative infly.
ences of smoking, urban residence, and air pollution in the etiology
of lung cancer. Table 9 lists studies performed in the United States,
Great Britain, and Japan which have dealt with this question. Kotin
and Falk (7149, 150) and more recently the Royal College of Physi-
cians (228) have reviewed the literature concerning the influence
of atmospheric and environmental factors in the pathogenesis of
lung cancer.

The studies listed in table 9 show a number of important trends.
Lung cancer death rates are found to be higher among urban popu-
lations than among rural populations. It is not known to what ex-
tent this urban factor in the etiology of lung cancer is due to
differences in the levels of air pollution. Other factors associated
with urban residence which may influence the etiology of lung
cancer are: differences in smoking habits between the two popula-
tions, occupational differences, and possible differences in the re-
porting of lung cancer deaths (228).

The studies also uniformly show that within each urban,/rural
grouping, lung cancer death rates increase with increased smoking.
Whether air pollution acts with cigarette smoking to influence lung
cancer death rates in a combined manner is presently unclear (112,
126, 264, 265), and the evidence concerning a separate role of air
pollution in the etiology of lung cancer is still inconclusive (228).

The recent report of the Royal College of Physicians on air pollu-
tion and health (228) concluded that “the study of time trends in
the death rates of lung cancer in urban areas demonstrates the
overwhelming effect of cigarette smoking on the distribution of the
disease. Indeed, only the detailed surveys that have taken individual
smoking histories into account have succeeded in separating the
relatively very small influence of the ‘urban factor’ on the over-
riding effect of cigarette smoking in the development of cancer of
the lung.”
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TABLE 9.—Epidemiologic investigations concerning the relationship of lung cancer to
smoking, air pollution, and urban or rural residence
(Actual number of deaths shown in parentheses)

Author, Population
year, studied and
Country, method of Results Comments
reference data collection
Doll, Estimated death rates Lung cancer mortality (1950) per 1,000 Authors noted that
1953, from lung cancer Males Females Nonamokers  estimates are based on
England in English London Other urban  Rural Londaon Other urban  Rural All arcas very few deaths.
(7a). population and Age:
amoeng nonsmokers 26-44 ...... 0.126 0.095 0.070 0.028 0,028 0.012 0.020
obtained from 45-64 .. ... 1.672 1.264 0.851 0.194 0.162 0.120 0 080
general register. GH-T4 ...... 3.124 2.006 1.164 0.440 0.326 0.288 1219
Stocks and Death rates in Male lung cancer death rates 1952-64 (per 100,000) ages 54-74 The authors noted the
Campbell, England and = upward gradient among
1955, Northern Wales. Rural (68) Mixed (1:18) Urban (538) nonsmokers, pipe
England Review of patient Nonsmokers ....... ... .. ... .. .............. 14 . 131 smokers and light
{265). chart or interview Pipe ... o i s 41 25 143 cigarette smokers and the
with kin or Cigarettes: Light .......... e 87 153 297 lack of a similar
physicians. Moderate ... . ... . i 183 132 287 gradient among
Heavy ......... . cciiiiiiiaanas [ 363 303 304 moderate and heavy
cigarette smokers,
Hammond 187,783 white males Age standardized death ratcs due to bronchogenic carcinoma (males) Data excluded
and Horn, in 9 states. - - adenocarcinoma. when
1958, Questionnaire Suburb City of City of standardized for age and
U.S.A, and interview. Rural ar town 10,900-50,000 >50,000 smoking, rural rate was
(120). Nonsmokers ..... A —— - 4.7 (2) 9.3 (3) 14.7 (4} still noted to be 25
Cigarette smokers ........ 66.2(52) TLT(67) T0.9(564) 85.2(83) percent less than urban.
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TABLE 9.—Epidemiologic investigations concerning the relationship of lung cancer to
smoking, air pollution, and urban or rural residence (cont.)
(Actual number of deaths shown in parentheses)

Author, 1='m‘;\_xel‘x;ticrr‘li
n
Co’;e:{r"y, snt;letlhod‘of Results Comments
reference data collection

Haenszel 10 percent of all Age- and smoking-standardized lung cancer mortality ratios Standfnrdir.ed Mortality
et al., white male lung (epidermoid and undifferentiated carcinomas only) Ratfm = 100 for U.8.
1962, cancer deaths in - — white males age 35 and
U.S.A. U.S.A. for 1958 Metropolitan counties Nonmetropolit over in 1958, The authors
(112). for whom next of >50,000 ......... P 2,500-50,000 ......90 also noted “. . . joing

kin or physiciang 10,000-50,000 ......... 151 Rural nonfarm ....74 effects of residence ang
supplied smoking 2,600-10,000 .......... .99 Farm ........... 57 smoking histories in the
data. 2,191 cases schedule of Jung-cancer
with adequate rates far greater than
information. those expected on the
assumption of additivity
of the separate
effects . , "

Doll 41,000 male British Standardized death rates jor lung cancer The authors noted that
and Hill, physicians. rural mortality data
1964, Questionnaire and Conurbation(49) Large Touns (34) Small Towns (32) Rural ( 18) were affected by a
England follow-up of death  Nonsmokers .......... 0.03 0.00 0.11 0,12 significant number of
(74). certificate, Cigarette smokers: city residents

=14 .o 0.48 0.32 0.87 0.62 retiring to the country,
=24 ..., 1.31 1.88 1.06 116
L e 1.90 4.43 2.20 1.17

Wicken, 1,908 male and Lung cancer death rate per 100,000—age- and smoking-standardized Total number of deaths
1966, female lung caneer noted under method of
Northern deaths over 35 Inner Outer Belfast Urban Small data collection include
Ireland years of age from Belfast Belfast Environs  Areas Towns Rural 954 controls.

(208). register. Personal Males ....... 157(241) 139(187) 136(45) 118(185) 137(26) 47(149)
interviews with Females .. ... 22 (38) 17 (24) 12 (8) 23 (35) 22 (6) 12 (43)

kin or physicians.
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TABLE 9.—Epidemiologic investigations concerning the relationship of lung cancer to
smoking, air pollution, and urban or rural residence (cont.)
( Actual number of deaths shown in parentheses)

Author, Population
year, studied and
Country, method of Reaults Comments
reference data collection
Buell 304 lung cancer Age-adjusted lung cancer death rates per 100,000 man years and mortality ratios The authors noted the lack
et al., deaths among of death-rate difference
1967, American San Francisco/ All other between Los Angeles and
U.5.A. Legionnaires Los Angeles San Diego California counties  San Francisco regions
(48). aged 25 and over, Rate Ratio Rate .  Ratio Rate Ratio and concluded that
Questionnaires to  Nonsmokers .,............. . 28.1 2.5 43.9 3.9 11.2 1.0 photochemical smog is
next of kin, Smokers: not related to
<71 pack/day ......0.oiians 63.6 5.7 771 6.9 61.02 5.4 lung cancer.
== 126.0 11.3 134.5 12.0 124.9 11.2
=1 L. e N . 2413 21.6 226.0 20.2 137.5 123
Hitosugi, 185 male and Lung cancer death rate per 100,000 The authors postulated a
1968, female lung cancer slight synergistic
Japan deaths and 4,191 Pollution region effect between amoking
(126). matched controls ~ Males Low Intermediate High  gnd air pollution.
aged 35-74. Data Nonsmokers ............. . AU 11.6 8.8 4.9
f"'m_ . Smokers:
Questionnaires 1-14 cigarettes/day .............. e 10.6 14.2 23.5
and interviews. S 1 I e 21.3 18.6 31.4
Females
Nonamokers ...........ooiiaiiins e Ean e s e 4.6 6.9 3.8
Smokers:
1-14 cigarettes/day ...... i ienn § Sah R G AR d minh mie 19.7 16.6 15.3
= 1 T A 12.4 20.56 17.1
Age- and smoking-adjusted lung cancer
death rate per 100,000
Low Intermediate High
Males ... ..cciiiiiiiinnn. e e 16.1 22.4 28.4
Females .........ccivviiicnnnnn.s errsranrrenas 7.5 11.6 8.7




LUNG CANCER AND OCCUPATIONAL HAZARDS

Urantum Mining

The excess risk for the development of lung eancer among uran-
ium and fluorspar miners has been known for more than 30 years,
In a recent review, Bair (17) noted that radon and radon-decay
products are the only inhaled radionuclides to be epidemiologically
related to lung cancer. Lundin, et al. (178), in a continuation of
the work initiated by Wagoner, et al. (299, 300, 301), have re-
cently reported on a 17-year follow-up of 3,414 white underground
uranium miners. The authors estimated that smoking uranium
miners experienced an excess of lung cancer ten times greater than
did nonsmoking miners.

Saccomanno (231), in recent testimony, analyzed the data of the
United States Public Health Service (USPHS) Study Group as
presented by Lundin, et al. (178) above. He reported that cigar-
ette smoking uranium miners incurred lung cancer rates four times
greater than those of other cigarette smokers.

Of the 62 lung cancer deaths in this population, 60 occurred in
smokers. He also observed that among 100,000 uranium miners
700 lung cancer deaths per year would be expected to occur among
cigarette smokers compared with only 4 among nonsmokers.

Other Occupations

Nelson (799) has recently reviewed certain environmental and
occupational hazards as they relate to inhalation carcinogenesis.
He observed that cancer of the respiratory tract has been linked
epidemiologically and, in some cases, experimentally with occupa-
tional exposure to the following materials: chromium, nickel,
arsenic, and asbestos. Doll (72) and Goldblatt (100), in earlier
reviews, also noted an association with coal, natural gas, and
graphite exposures.

Nickel

Morgan (194) noted that much of the nasal and lung cancer at-
tributed to nickel exposure may have been due to arsenical impuri-
ties found in processed nickel prior to 1925. Doll (69) found that
the number of excess deaths among nickel workers under 50 years
of age had declined following the change in nickel manufacturing
processes. The experiments of Hueper (724) and Sunderman, et al.
(267,268, 269) have shown that both guinea pigs and rats develop
lung cancer following chronic exposure to nickel carbonyl or nickel
dust. Sunderman and Sunderman (270) also reported that ciga-
rette smoke contains nickel and that this concentration of nickel
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